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Fig.1 (a) A 2D sect ion of the chromoso me image. The black  box shows the area  where only
biological noise is  found. (b) The sam e image after apply ing a 3D mean filte r (with a
3x3x3 kernel) and c hanging the gray le vel scale.

Fig. 2 (a) Average of the radially int egrated power spect rum over boxes of 3 2x32x32 
pixels in regions w here only the chrom osome is found (sol id line) and in reg ions where 
only biological noi se exists (dashed l ine). For clarifica tion, we have displ aced the 
dashed line by one order of magnitude down in the vertica l direction. The nu mbers close
to the peaks in the  solid line represe nt the lengths in n anometers of the pe riodic 
structures associat ed to them. No peak s are seen in the n oise curve. (b) Div ision of the 
radially integrated  power spectrum by a polynomial that f its the noise curve , to better 
show the peaks in t he chromosome curve . (c) and (d) The s ame as (a) and (b) for boxes of
64x64x64 pixels.

Fig. 3 − Stereo pai rs associated with the red boxes of 50 x50 pixels shown in  Fig 1(a)
(the number of pixe ls in the z directi on 46) obtained usi ng the region growi ng method 
of segmentation. Th ese images have bee n passed through a mean filter (3x3x3 kernel), 
rotated and project ed in 2D.
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Fig. 3 − Stereo pai rs associated with the red boxes of 50 x50 pixels shown in  Fig. 1(a) 
(the number of pixe ls in the z directi on is 46) obtained using the region gr owing method 
of segmentation. Th ese images have bee n passed through a mean filter (3x3x3 kernel), 
rotated and project ed in 2D. 

Fig. 2 − (a) Averag e of the radially i ntegrated power spe ctrum over boxes of  32x32x32 
pixels in regions w here only the chrom osome is found (sol id line) and in reg ions where 
only biological noi se exists (dashed l ine). For clarifica tion, we have displ aced the 
control dashed line  by one order of ma gnitude down in the  vertical direction . The 
numbers close to th e peaks in the soli d line represent th e lengths in nanome ters of the 
periodic structures  associated with th em. No peaks are se en in the noise cur ve. 
(b) Division of the  radially integrate d power spectrum by  a polynomial that fits the noise
curve, to better sh ow the peaks in the  chromosome curve. (c) and (d) the sam e as (a) and 
(b) for boxes of 64 x64x64 pixels. The peak at 11 nm is no t seen in boxes of 64x64x64 
because the periodi c structures are co rrelated only in a short range scale.

Fig. 1 − A 2D secti on of the chromosom e
image. The black bo x shows the area 
where only biologic al noise if found. 
(b) The same image after applying a 3D
mean filter (with a  3x3x3 kernel) and 
changing the gray l evel scale.

Fig. 2 − (a) Averag e of the radially
integrated power sp ectrum over boxes 
of 32x32x32 pixels in regions where 
only the chromosome  is found (solid  
line) and in region s where only bio− 
logical noise exist s (dashed line). 
For clarification, we have displaced 
the control dashed line by one order 
of magnitude down i n the vertical 
direction. The numb ers close to the
peaks in the solid line represent 
the lengths in nano meters of the 
periodic structures  associated with 
them. No peaks are seen in the noise
curve. (b) Division  of the radially 
integrated power sp ectrum by a poly−
nomial that fits th e noise curve, to 
better show the pea ks in the chromo−
some curve. (c) and  (d) the same as 
(a) and (b) for box es of 64x64x64
pixels. In this cas e, the peak at 11nm
is not seen because  the periodic 
structures are corr elated only in a 
short range scale.

Fig.   − Color Bar Coded FISH and Chro matin
Configuration. (A) A 26 probe, 3 color  ideal
bar code is shown. With a 3 color code  there 
are 12 triplets, ea ch defined relative  to its
middle position. Fo r example, triplet #12 is 
RBR and triplet #5 is BRG. A triplet t ransition
is defined by 2 adj acent triplets. Wit h 12 
primary triplets th ere are 24 allowed triplet 
transitions (i.e., 12 −> 5 or 12 −> 8) . This 
bar code is ideal i n that each triplet  is used 
twice and each trip let transition is u sed once.
(B) Polytene hybrid ization of the bar code in 
A. There are three additional probes −  the 
first and the last are double labed ro ot 
positions and the s econd to last is a spacer. 
(C−E) Three cycle 1 4 diploid embryonic  nuclei
hybridized with a 1 4 probe bar code. C  and D 
are paired homologu es and E appears in  the 
process of pairing.�
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Fig. 1 − (a) A 2D s ection of the 
chromosome image. T he black box shows
the area where only  biological noise 
is found. (b) The s ame image after 
applying a 3D mean filter (with a 
3x3x3 kernel) and c hanging the gray 
level scale.

Fig. 4 − Color Bar Coded FISH and Chro matin
Configuration. (A) A 26 probe, 3 color  ideal
bar code is shown. With a 3 color code  there 
are 12 triplets, ea ch defined relative  to its
middle position. Fo r example, triplet #12 is
RBR and triplet #5 is BRG. A triplet t ransition
is defined by 2 adj acent triplets. Wit h 12 
primary triplets th ere are 24 allowed triplet
transitions (i.e., 12 −> 5 or 12 −> 8) . This
bar code is ideal i n that each triplet  is used
twice and each trip let transition is u sed once.
(B) Polytene hybrid ization of the bar code in 
(A). There are thre e additional probes  − the 
first and the last are double labed ro ot
positions and the s econd to last is a spacer.
(C−E) Three cycle 1 4 diploid embryonic  nuclei
hybridized with a 1 4 probe bar code. ( C) and 
(D) have paired hom ologues and (E) app ears in 
the process of pair ing the two homolog ues.

Lack of resolution

in frequency preven ts the appearance
of some peaks in bo xes of 32x32x32 
pixels.�

 rotated and projec ted in 2D.                
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APPENDIX I

 Fig. 1 − (a) A 2D section of the chro mosome image. The b lack box shows the area where
only biological noi se is found. (b) Th e same image after applying a 3D mean filter 
(with a 3x3x3 kerne l) and changing the  gray level scale.

Flattened
Power
Spectrum

0 0.1 0.2 Lack of resolution
at low frequencies prevents the 
appearance of some peaks in boxes 
of 32x32x32 pixels.

(b)

rotated and project ed in 2D.                                                                        

Fig. 3 − Stereo pai rs associated with the red boxes of 50 x50 pixels shown if  Fig. 1(a) 
(the number of pixe ls in the z directi on is 46) obtained using the region gr owing method
of segmentation. Th ese images have bee n rotated and proje cted in 2D. 

A
B

C
D

(a)

200nm


